Ultraviolet (UV) light elicits reversions in 12 his frameshifts that also revert in response to ICR191. Reversion also is stimulated by UV in two of four spontaneously revertible, but ICR-negative, frameshifts.
Frameshift mutations in the Salmonella histidine operon have been placed into four classes on the basis of reversion analysis: (i) stable; (ii) revert spontaneously but frequency not increased with the acridine half-mustard, ICR191, nitrosoguanidine (NG), or diethylsulfate (DES); (iii) revert spontaneously and with ICR191; and (iv) revert spontaneously and in response to ICR191, NG, and DES (5) . Of nine ultraviolet (UV)-induced mutants classified as frameshifts, five are of class i and four are of class ii (unpublished data). Two Sabnonella tryptophan mutants (trpD9 and DlH) of class ii are listed as failing to respond to UV light in reversion tests (1, 2) , and four Escherichia coli trp mutants of class ii respond poorly or not at all in similar tests (3) .
The Table) .
In connection with other studies, master plates containing 45 vivors after 350 ergs/mm2 for each of the eight strains tested were uniformly negative. Therefore, the strong UGA suppressor mutations preferentially appear in revertant colonies.
The following experiments demonstrate that the prototrophic revertants are intragenic reversions and that the UGA suppressor mutations are not required for prototrophy. P22 phage was grown on strains hisC3004, C3063, and C3064 as well as on 11 spontaneous and UV-induced revertants of these strains. Seven revertants carried UGA suppressors and four did not. Phage grown on the parental strains yielded only histidinol-requiring clones (hisD+hisC-) when used to infect deletion mutants hisDC129 and hisDCBHAFIE712. Phage grown on the revertants, however, yielded only prototrophic colonies able to grow on minimal medium. These recombinants did not require histidinol for growth, indicating that true reversion or a second frameshift mutation occurred in the hisC gene. In each case, 45 of the transductional clones were analyzed and found to lack UGA suppressor activity. We conclude that the UGA suppressors are not essential for prototrophic growth and for restitution of competent hisC activity.
The same three hisC frameshift mutations (3004, 3063, and 3064) were transduced into strains TR612 (his-644 sup-584) and TR613 (his-644 sup-1002). These strains have extended deletions covering the hisC and hisD genes in the histidine operon and contain UGA suppressor mutations active on our UGA tester strain (SB948) and on some other UGA mutations.
Although hundreds of transductants were recovered on plates containing histidinol (hisD+ hisC-), these did not print onto minimal medium.
This indicates again that UGA suppressors do not allow growth of these three strains on minimal medium.
No UAA suppressors and only a few very weak UAG suppressors (slight growth after 5 days of incubation) were detected among several hundred revertant clones tested. We conclude that UV light is active in inducing intragenic reversion of ICR-induced frameshift mutations that revert spontaneously. UV light is active on frameshifts that revert in response to ICR191 as well as about half of those that fail to respond to ICR191. Many frameshift revertants, especially those induced with UV light, contain strong UGA suppressor mutations. The suppressor mutations do not appear to be necessary for prototrophy, and their origin in these clones remains unexplained. These observations lead us to question whether the frameshift suppressor mutations of Riyasaty and Atkins (6) actually are UGA suppressors or whether, in fact, their revertants carried both UGA suppressors and a new type of suppressor (6, 9) , the latter active on frameshifts. Also, before a mutation can be unambiguously classified as a nonsense mutation (4), it would seem that genetic tests must be carried out to directly demonstrate that any nonsense suppressors found among revertants are in fact required for prototrophy.
In our material, UV light induces reversions among mutants classified (5) as having "minus" frameshifts as well as among those possessing "plus" frameshifts. The ability of UV light to cause reversions in strains that fail to respond to acridine and azaacridine derivatives indicates that UV light does more than merely enhance an unequal crossing over, or "slippage" type of error in regions of repeating nucleotide sequence (7) . Considerations of repair-recombination mechanisms in UV mutagenesis (8) should take this factor into account.
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